
REPORT 

Program Short Term Mobility 2017 

Statistical algorithm-based diagnosis in neurodegenerative disorders 

Marco Pagani MD PhD 

Institute of Cognitive Sciences and Technologies - CNR 

 

The Program has been carried out at the University of Groningen Medical Center (UMCG), 

Department of Nuclear Medicine and Molecular Imaging (NGMB) upon invitation of Professor Klaus 

Leenders expert in the field of neuroimaging and neurodegeneration and Medical Advisor in the 

Board of the Parkinson Patiëntenvereniging, and in European section of the International Parkinson 

Foundation.  

The long term aim of the project is to implement a robust and flexible statistical multivariate methods 

to be imported into an easy-to-use-software for statistical and image analyses. The software will allow 

in clinical routine an automatic and reliable diagnosis by means of FDG-PET scans, especially in the 

field of neurodegeneration in which the patterns of hypo- and hypermetabolism will be compared to 

a database of control subjects. 

During the period spent in Groningen together with Professor Leenders and his collaborators (Dr. 

Meles, Dr. Kogan and Dr. Renken) we have gone through hundreds of cases of neurodegenerative 

disorders available in the UMCG databases and through the ones resulting from the collaborations of 

ISTC with the University of Genoa (Mild Cognitive Impairment, MCI, Alzheimer’s Disease, AD, 

and Parkinson Disease, PD, patients) and  the University of Turin (Amyotrophic Lateral Sclerosis, 

ALS, patients). This effort has resulted in the reliable classification of large groups of patients with 

specific neurodegenerative disorders including MCI (about 200), AD (about 150), PD (about 50), 

ALS (about 500), Frontotemporal Dementia (FTD, about 40) and REM behavioral disorders (RBD, 

about 40). 



The project of collecting a very large number of patients and normal controls to be included into the 

statistical algorithm will also take advantage of FDG-PET scans collected for the GLIMPS Project 

(GLucose IMaging in ParkinsonismS) and from about 300 of other scans collected in several 

European and Dutch Nuclear Medicine Centers. All such scans have been revised and re-classified 

during February the 7th and February the 28th. 

By joining experts in the field in several focused meetings, a particular effort has been put in these 3 

weeks in organizing a task force working specifically on the harmonization of raw FDG-PET data in 

order to allow a reliable integration of such scan in the datasets and the relative comparison to the 

metabolic pattern of the pathological categories. A dedicated PhD program will start and will focus 

on this issue. 

As for statistical analysis there have been fruitful discussions with the local medical physicists, 

information technology scientists and computer scientists to assess the optimal strategy of data 

analysis. In this respect, to evaluate the regional metabolic values of PET scans, a dedicated script 

developed by ISTC-CNR-Karolinska Hospital Stockholm as well as Principal Component (PCA), 

Independent Component (ICA) analyses and Scaled Subprofile Model/PCA (SSM/PCA), the latter 

developed at UCMG, will be implemented. In addition, visual evaluation will be carried out and the 

tentative diagnosis will be performed on the basis of the pattern of metabolic changes.  

The final product will be the realization of a large database organized in pathological categories each 

one characterized by a specific metabolic pattern and to be used at individual patient level to assist in 

the clinical diagnosis. The spatial and intensity distribution of the metabolic pattern of each patient 

will be compared to the existing pathological patterns and the software will assess the probability for 

each of them to belong to the different groups. 

By such integrated system a patient’s scan sent from any remote center will be processed, harmonized, 

embedded into the reliable and organized datasets and submitted to linear discriminant analysis and 

support vector machine, assigning it to the correct group. An accurate differential diagnostic and 

prognostic information will secure an appropriate management and clinical handling at individual 

http://glimpsproject.com/en


level. The joint effort of the two groups will hopefully result in automatically discriminating with 

high accuracy patients with the different pathologies. 

The implementation in clinical routine requires robust analyses methods and careful patients and 

control subject selection and PET examination. They are both available for the present project 

considering the expertise and professionalism available at ISTC-CNR and Groningen University 

Hospital, that have already contributed to create the ALS, AD, MCI, RBD and PD databases.  
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